Intravenous regional anaesthesia (Bier's block) is a simple but highly effective method of anaesthetizing the forearm and hand. Once the arterial tourniquet is released, sensation returns to the limb rapidly, but areas of patchy residual anaesthesia persist for some time. It is reasonable to assume that sufficient local anaesthetic remains in nervous tissue to cause this residual anaesthesia. The degree to which a local anaesthetic is bound in this way is an important factor in the duration of anaesthesia caused by that drug.
We have compared the duration of residual anaesthesia in Bier's block in the same individuals using five different local anaesthetic drugs in order to determine their propensity for binding in nervous tissue. In addition, we have measured the plasma levels of the drugs in venous blood leaving the blocked limb following tourniquet release and compared them with the levels in blood from the opposite arm.
Method.
Five healthy male volunteers (all medically qualified) took part in these experiments. The left arm was used in all experiments. The arm was elevated for 2 min before a pneumatic tourniquet, applied to the forearm, was inflated above arterial pressure and local anaesthetic was injected intravenously to a vein on the dorsum of tie hand. Five drugs were given to each subject on separate occasions with an interval of several days between each injection. The drugs were:
(a) 20 ml 0.5% lignocaine (b) 20 ml 0.5% prilocaine (c) 20 ml 0.25% HS37* (d) 20 ml 0.25% etidocaine (e) 20 ml 0.25% bupivacaine
The drugs were given double-blind and in random order. Twenty minutes after injection, by which time anaesthesia was well established in all cases, the tourniquet was released. Blood samples from antecubital fossa veins were taken from both arms simultaneously immediately following tourniquet release and at 4, 6, 10, 15, 20, 30 and 60 min after release. In order to avoid an overwhelming number of blood estimations, the experiment was designed so that they were only carried out in three subjects for each drug, although not the same three subjects for each drug. Plasma concentrations of the drugs were measured by gas chromatography. Residual anaesthesia was assessed subjectively by the volunteers themselves and the duration of each anaesthesia was recorded.
A further experiment was performed on four of S HS37 is a local anaesthetic compound similar in structure to bupivacaine. It does not have an official name.
the subjects to assess the effects of varying the concentration and dose of a drug, keeping the volume constant. Thus 20 ml of 0.125% and 20 ml of 0.5% etidocaine were given double bund and the duration of residual anaesthesia determined.
RESULTS (a) Residual anaesthesia.
The duration of residual anaesthesia with the different drugs is shown in table I. Although individuals vary considerably, the paired (-test shows statistically significant differences. Bupivacaine, etidocaine and HS37 all lasted considerably longer than prilocaine and lignocaine. Bupivacaine had the longest duration (mean for the group 344 min).
Apart from areas of skin anaesthesia, some degree of motor blockade was also experienced in certain muscle groups. The location of these areas varied from subject to subject, but there was a suggestion that they were related in part to the vein chosen for injection, for example a lateral vein was likely to produce anaesthesia on the ulnar side of the hand and arm. The effects of varying the concentration of etidocaine are shown in table n, where the duration of residual anaesthesia with 0.125, 0.25 and 0.5% solutions are compared.
(b) Plasma concentrations.
The mean concentration for each group of subjects is shown in figure 1 . The most remarkable aspects of these results were the similarities in the recorded concentrations with each drug and the high BRITISH JOURNAL OF ANAESTHESIA concentrations still present in blood leaving the injected arm even 60 min after tourniquet release, when they were still 10-20 times greater than in the blood from the other arm.
DISCUSSION
It is clear from these experiments that considerable quantities of local anaesthetic remain in the limb after tourniquet release following intravenous regional anaesthesia. Tucker and Boas (1971) showed by pharmacokinetic analysis that only about 30% of the drug was taken into the circulation during the initial washout. This was followed by a much slower washout and there was still about 50% of the injected dose left in the arm after 30 min. During the period of ischaemia it would appear that most of the drug injected leaves the intravascular space whereupon it enters nervous tissue and causes anaesthesia. Similarly it must also enter other tissues, particularly skin (Coter and Robin, 1966) , and it is only released slowly following restoration of the circulation. Most of the nervous tissue involved releases the drug within a few minutes of tourniquet release (hence the recovery of normal sensation), but enough remains to cause prolonged patchy blockade.
The duration of nerve block depends upon several factors, the most important being:
(a) The duration of exposure of the nerve to pharmacologically active concentrations of the drug. This is particularly true when a drug is injected round a nerve trunk and explains the increase in duration seen if adrenaline is added to the solution and absorption is delayed.
(b) The ability of the drug to penetrate the nerve sheath. This is a very important property of local anaesthetics. Some compounds, for example procainamide, have powerful local anaesthetic activity on unsheathed nerves but are without effect on intact peripheral nerves.
(c) The ability of the drug to remain in the nerve in sufficient quantity to cause blockade of neural transmission.
With intravenous regional anaesthesia, provided enough occlusion time has been allowed to establish complete anaesthesia, only (c) is important in regard to residual anaesthesia, as the drug reaches the nerve tissue by vascular channels and not by penetration of the nerve sheath. With release of the tourniquet, the concentration gradient will be towards the vascular compartment and there will be little or no further uptake of remaining drug into nerve tissue.
If this is accepted then it would appear that the retention in nervous tissues is longest with bupivacaine and shortest with prilocaine.
With nerve blocks other than by the regional intravenous technique, the other factors (a) and (b) may be equally or more important than the retention properties.
Thus, although lignocaine and prilocaine appear to give different (though not statistically significant) durations of residual anaesthesia following Bier's block, they are similar in regard to the duration of their effect seen in epidural block. Preliminary clinical trials with etidocaine in epidural block suggest that it has a duration of action slightly shorter than bupivacaine and that it is 25-50% less potent. It is of interest, therefore, that concentration (and, therefore, total dose) is important also in the duration of residual anaesthesia after Bier's block (table II) . When 0.5% etidocaine is compared with 0.25% bupivacaine (that is in solutions of comparable anaesthetic potency), the duration of residual block is similar.
It would appear that residual anaesthesia following Bier's block offers a useful method of testing local anaesthetics in regard to the time they are able to remain within nervous tissue in sufficient quantities to cause a conduction block.
